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Description of Experiment Protocol

On July 12, 1995, in Washington, D.C., at approximately 2:00 P.M., all

experiment was conducted in the presence of two unbiased observers to detennine the

effects, if any, ofthe use ofdigital cellphones on hearing aid wearers. The purpose of the

experiment was to compare the effects of using two different technologies, IDMA (time

division multiple access) as employed in GSM (global system mobile) and COMA (code

division multiple access), proposed for PCS (personal communication services) tenninals

wi1l1 respect to interference to hearing aids. A total of 15 hearing aid·wearers participated

in 1he experiment and were asked to use cellphones which simulated the two technologies

and respond to questions while using the phones. The researchers and observers were

aware ofwhich teclUlology was incorporated into each cellphone, but the participants were

not. An oscilloscope was used to demonstrate to 1I1e observers that each phone was

functioning at normal levels as the experiment was conducted. The simulator was

producing a power level of 200 milliwatts.

Two types of infonnation were collected from each participant. First, each was

asked to ftll out a fonn responding to three questions. The participants were asked to

indicate whether they wore hearing aids in one or both ears, to describe the nature of the

hearing loss (no loss, mild, moderate, severe, or profound), and to identify the type of

hearing aides) worn (behind the ear, in the ear, canal. body type. or other). After

completing the fonn, each subject was brought into a room with the researchers and the

observers and asked to sit down in a chair. Clear and consistent instructions were given

individually, to each participant by the researcher in the presence of the observers. The



participant was instructed to place the first cellphone up to his or her ear in which a

hearing aid WAS worn, as if making a call. For those with two hearing aids, the experiment

was repeated in each ear, each time beginning with the right ear. The participant was then

asked to report ifthere was any interference when the handset was placed against the ear

and if so, to describe 1he nature of the interference. If interference was observed by the

participant, then 1he same handset was returned to the researcher and the researcher held

the handset at ear level to the participant and moved some distance away from the

participant. The researcher then walked toward the participant and asked the participant to

raise his hand when he or she first noticed the interference. nus distance was recorded by

the observers. Once again, the participant was asked to describe the interference in his or

her own words. Finally, ifonly one hearing aid was worn, the first part of the experiment

was repeated in 1he ear without hearing loss.

Results

Of the 15 participants tested, II reported wearing hearing aids in both ears, and 4

cUlTently wore only one hearing aid, giving a toml of26 hearing aids to be tested. The

experiment was performed using both the right and left ear for the 11 participants who

wore hearing aids in both ears and using one ear for each of the remaining four

participants. Hearing 10s8 as reported by the participants ranged from mild to profound.

The hearing loss in the 26 ears for which hearing aids were worn was reported to be mild

in 1 case, moderate in 6 cases, moderate to severe in 2 cases, severe in 8 cases, severe to

profound in 1 cases, and profound in 8 cases. The participants reported that 21 of the 26

hearing aids worn were behind-the-ear and 5 were in-the-ear.
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Each of the 15 participants tested reported interference with the OSM teclmology.

Ten of the 11 participants with two hem;n~ aids reported interference in both ears and the

11th participant reported interference with the hearing aid worn in his right ear. This

participant indicated that his hearing loss in the left ear was severe. Each of the four

participants wearing one hearing aid reported interference with the GSM cellphone. Thus,

of the 26 hearing aids tested, participants reported interference with 25 hearing aids.

Fourteen out of 15 participants described 1he interference as a loud buzz or hum. Nine of

the participants described 1he interference as annoying, irritating, or uncomfortable while 3

reported that 1he noise was so loud that they would be unable to talk or to hear. When

asked to compare 1his interference with other types commonly experienced by hearing aid

users, participants stated that it was not the same and it was louder and more significant.

One participant predicted that prolonged exposure might cause headaches and another

participant characterized the noise as painful. The intense nature of the participants'

reactions was demonstrated by their eagerness to remove the handset from their ears when

the researcher indicated they could do so.

In the second part of the experiment, conducted for participants who reported

interference, the distance at which the noise was first noticeable was reported. This was

tested for 25 of the hearing aids, since one participant reported no interference in one ear.

The distances varied from right up against the ear to 59", with an average of 18.17" and a

standard deviation of 16.46". Fourteen of2j participants (56%) reported interference at a

distance of 12" or more, 9 of25 (36%) reported interference at 18" or more and 5 of25

(20%) reported interference at 30". The average distance at which interference was
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indicated was 21.31" for those wearing behind-the-ear devices and 1.35" for those wearing

in-the-ear devices.

In the last part of the experiment, only one participant was eligible because he had

non-impaired hearing in one ear, but wore a hearing aid in the other. (Although other

participants wore hearing aids in only one ear, they had hearing loss in tlte otlter ear, but

wore no hearing aid in the hearing-impaired ear.) This participant reported no

interference in the ear witltout a hearing aid.

For the CDMA handset. no interference was reported by participants for 23 of the

26 hearing aids tested. Three participants reported interference when using tlte CDMA

handset up against the ear. The noise was described as a low hum, noticeable, but not

bothersome and one participant reported getting feedback. The distances at which this was

first noticeable were 8", 9", and up against the ear.

Conclusions

The results clearly indicate that. for this group of participants, the frequency and

severity of interference with hearing aids caused by OSM and CDMA are dramatically

different. Interference from GSM cellphones was reported for 25 out of 26 hearing aids

tested, and the nature of the interference was consistently reported as very annoying or

disturbing to hearing aid wearers. Thus, it can be concluded that, if this group of users is

typical of the population of hearing aid wearers, OSM cellphones will cause sufficient

disruption to make this technology unacceptable for use by the nearly 5 million hearing aid

wearers in the US. In addition, tlte results from examining the effects of the cellphones at

a distance from the hearing aid wearers lead to the conclusion that these devices should not
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be used in close quarters, like office environments. Only 3 hearing aid users reported a

slight hum from fue CDMA cellphones and none indicated fuat it was disruptive in any

way, demonstrating that CDMA would provide acceptable service to hearing impaired

users and could be used in any environment wi1hout significantly impacting fue ability to

hear.
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A TEST FOR INTERFERENCE WITH HEARING AIDS
BY DIGITAL TECHNOLOGY CELLULAR TELEPHONES

Observed and reported by David A. Shirley

ABSTRACT: Fifteen hearing-aid users tested GSM and CDMA instruments for interference
with their hearing aids. All found interference from the GSM instrument, while the CDMA
instrument produced mild interference in only one case. The GSM instrument appears to be
unusable by hearing aid wearers.

THE SETTING: The tests were performed in the Presidential Suite (Room 1274) of the
Capital Hilton Hotel in Washington, D.C. on July 9, 1995. Two observers were present.
They prepared independent reports based on their observations.

THE PROTOCOL: Fifteen hearing-aid wearers tested the two instruments, which were
turned on, were set at 200 milliwatts and were not identified to the users. Each hearing-aid
wearer entered the testing room and went through the entire sequence of tests sequentially,
using one instrument, then the other. In each case the GSM instrument was tested first,
followed by the CDMA instrument. The subjects were asked to indicate the type of hearing
aid(s) they were wearing (behind the ear or in the ear), and whether in the right or left ear,
or in both. Each subject was then asked three questions, as applicable, about the effect of
the handset on their ears.

In Question 1 (henceforth Q1), each subject was asked to hold the instrument up to the ear(s)
with the hearing aid as if he/she were going to make a telephone call, and to report whether
he/she heard anything. If so, they were asked to describe the sound.

In Question 2 (Q2), for the cases in which a sound was detected, the instrument was
removed to a distance and then brought toward the subject's ear until the sound was again
detected. The distance at which sound was first heard was recorded.

Finally, for Question 3 (Q3), if applicable, the handset was placed against the ear that had no
hearing aid, and the subject was asked to report interference with the hearing aid on the other
ear.

RESULTS: Three of the fifteen subjects wore in-the-ear and twelve wore behind-the-hear
hearing aids. In the first group two wore hearing aids in both ears and one on only one. In
the second group nine wore hearing aids in both ears and three in only one. Thus there
were, for each handset, a total of 26 answers to Q1, the "Yes/No" answers to Q1 were:

GSM:
CDMA:

25 Yes
2 Yes

1 No
24 No
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Both the single "No" answer for the GSM handset and the two "Yes" answers for the CDMA
handset were highly qualified. In the former, the subject volunteered that he had a profound
hearing loss in that ear alone, and the loss may have been total. In the latter case, the
interference was characterized as "much, much lower in volume than with the other
instrument, and not serious, though higher in pitch".

The volunteers' descriptions of the interference with the GSM handsets follow. All are
direct quotes:

FOR IN-THE-EAR HEARING AIDS:
"Faint steady hum"
[nothing: see above]
"Annoying hum like static"
"Persistent, irritating low hum"
"Persistent, irritating medium hum"

FOR BEHIND-THE-EAR HEARING AIDS:
"Extremely loud: unusable"
"Hum: not as loud"
"Buzz and pulsating sound: disruptive, unusable"
"Painful"
"Real[ly] loud buzzing"
"Even worse...could be painful"
"Very annoying: clickity clack: disturbing"
" metallic clacking: very annoying"
" buzzing, " .like a bee in your ear: very disturbing"
"terrible" [winced]
"noise: buzzing, humming"
"very significant buzz"
"very loud"
"...very annoying, disruptive"
"uncomfortable: loud... "
"wouldn't use it"
"... annoying hum"
"[would be] impossible to understand speech on the phone"
" I d . "... ou , annoymg...
"really uncomfortable.. " [winced at a distance]

The answers to Q2 were conditional on the answers to Q1. For the in-the-ear hearing aids,
the distances at which interference was picked up ranged from 0 inches to 3.5 inches, with
the average being about 1.5 inches, using the GSM handset. With the CDMA handset, a
slight humming was perceived in one case, when the handset was held against the ear, and
nothing in the other four cases.
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The twelve subjects with behind-the-ear hearing aids picked up interference at larger
distances in every case; namely at distances of 5,5,6,7,9,10,11,12,13,14,15,15,19,26,28,29,
32,35,42,57 and 59 inches, for the twenty-one cases (nine subjects with both ears, and three
with one ear, equipped with a hearing aid). As noted above, the one subject with profound
hearing loss who detected a slight high-pitched interference from the CDMA handset found it
at 8 inches for one ear and 9 inches for the other.

Regarding Q3, of the four subjects with hearing aids in only one ear, all found no
interference when the GSM headset was placed against the other ear.

CONCLUSIONS: Two conclusions emerge readily from these tests:

1. Under these conditions, the GSM handset is unusable by hearing-aid wearers. For
behind-the-ear hearing aids the range of interference is large enough to cause interference by
another person using the handset very close.

2. In contrast, the CDMA handset generally does not create interference, and it can be
used by a hearing-aid-user.
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I, Tiffany D. Scott, a secretary at Baker & Hostetler, hereby

certify that on August 1, 1995, a copy of the foregoing Reply

Comments were delivered to each of the f~llowing via First Class

Mail, postage prepaid:

* The Honorable Reed E. Hundt
Chairman
Federal Communications Commission
Room 814
1919 M Street, NW
Washington, DC 20554

* The Honorable James H. Quello
Commissioner
Federal Communications Commission
Room 802
1919 M Street, NW
Washington, DC 20554

* The Honorable Andrew C. Barrett
Commissioner
Federal Communications Commission
Room 826
1919 M Street, NW
Washington, DC 20554

* The Honorable Susan Ness
Commissioner
Federal Communications Commission
Room 832
1919 M Street, NW
Washington, DC 20554

* The Honorable Rachelle Chong
Commissioner
Federal Communications Commission
Room 844
1919 M Street, NW
Washington, DC 20554

* The Honorable Regina Keeney
Chief, Wireless Telecommunications Bureau
Federal Communications Commission
Room 5002
2025 M Street, N.W.
Washington, D.C. 20554



J. Barclay Jones
American Personal Communications
One Democracy Center
6901 Rockledge Drive, Suite 600
Bethesda, Maryland 20817

Jonathan D. Blake
Kurt A. Wimmer
Laura F. Quinter
Covington & Burling
1201 Pennsylvania Avenue, N.W.
Post Office Box 7566
Washington, D.C. 20044
Counsel to American Personal Communications

Charles P. Featherstun
David G. Richards
BellSouth Corporation
1133 21st Street, N.W.
Washington, D.C. 20036

William B. Barfield
Jim o. Llewellyn
BellSouth Corporation
1155 Peachtree Street, N.W.
Suite 1800
Atlanta, Georgia 30309-2641

Michael F. Altschul
Randall S. Coleman
Andrea D. Williams
Cellular Telecommunications

Industry Association
1250 Connecticut Avenue, N.W.
Suite 200
Washington, D.C. 20036

Tom A. Lippo, Esq.
FACT Law Group
412 First Street, SE
Suite One -- Lobby Level
Washington, D.C. 20003
Counsel to Nokia Mobile Phones, Inc.

Stephen L. Goodman
Halprin, Temple & Goodman
1100 New York Avenue, N.W.
Suite 650, East Tower
Washington, D.C. 20005
Counsel to Northern Telecom, Inc.



Carole M. Rogin
Hearing Industries Association
515 King Street, Suite 420
Alexandria, Virginia 22314

Kenneth L. Judd
17330 Preston Road
Suite 100A
Dallas, Texas 75252
Counsel to Southwestern Bell

Mobile Systems, Inc.

Gary M. Epstein
Teresa D. Baer
Latham & Watkins
1001 Pennsylvania Avenue, N.W.
Washington, D.C. 20004
Counsel to GSM MoU

Anne-Marie Liss
Liss Communications Research
P.O. Box 16507
Arlington, Virginia 22215

James P. Tuthill
Betsy Stover Granger
Pacific Bell Mobile Services
4420 Rosewood Drive
4th Floor, Building 2
Pleasanton, California 94588

James L. Wurtz
Margaret E. Garber
Pacific Bell Mobile Services
1275 Pennsylvania Avenue, N.W.
Washington, D.C. 20004

Mark J. Golden
Personal Communications Industry

Association
1019 19th Street, N.W.
Suite 1100
Washington, D.C. 20036

R. Michael Senkowski
Jeff S. Linder
Eric W. DeSilva
Wiley, Rein & Fielding
1776 K Street, N.W.
Washington, D.C. 20006
Counsel to the Personal Communications

Industry Association



Kevin J. Kelley
QUALCOMM Incorporated
1233 20th Street, N.W.
Suite 202
Washington, D.C. 20036

E. Van Cullens
Siemens Stromberg-Carlson
900 Broken Sound Parkway
Boca Raton, Florida 33487

Barry Kratz
Eric Shimmel
Telecommunications Industry

Association
2500 Wilson Boulevard, Suite 300
Arlington, Virginia 22201-3836

Mary McDermott
Linda Kent
Charles D. Cosson
United States Telephone

Association
1401 H Street, N.W.
Suite 600
Washington, D.C. 20005-2136

David C. Jatlow
Young & Jatlow
2300 N Street, N.W., Suite 600
Washington, D.C. 20037
Counsel to The Ericsson Corporation

* = Delivery by hand.


